Amongst the various anthropogenic activities, mass bathing and other religious rituals also affect the water quality of aquatic ecosystem. The present research has been conducted to evaluate the impact of mass bathing and other religious activities on the eight famous religious water bodies of Haryana (Kapalmochan tirth, Kulotarn tirth, Ban-Ganga tirth, Brahmsarovar, Jyotisar, Saraswati tirth, Phalgu tirth and Pandu-Pindara tirth). The water samples were collected from three sampling stations (A, B and C) at each of the eight selected sites (S1 to S8) before and after the religious rituals and also seasonally. The samples were analyzed for Dissolved oxygen (DO), Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD) ammonia and heavy metals . The study highlighted the seasonal variations of physicochemical characteristics and also the effects of mass bathing and religious activities on water quality of the religious sites. Although the water was reported as safe in terms of DO content, total ammonia, BOD and the values of COD before the religious rituals but the values exceeded the maximum permissible limit {DO (0.8±0.1, 0.76±0.11), BOD (25.07±0.13, 18.13±0.13),COD (131.9±2.08), Ammonia (2.31±.23, 6.57±0.02) Iron (5890 µg L -1 ) and Zinc (200 µg L -1 )} after mass bathing and religious rituals indicating that the water was not suitable for drinking as well as bathing purposes after the rituals/mass bathing. So, bathing during/after such rituals may become a health hazards to the bathers or users of the water and also may affect the aquatic biota, further depleting it. There is thus a need of regular monitoring and regular application of suitable remedial measures to prevent the depletion of the quality of lentic waters.
INTRODUCTION
Every lake and river is subjected to more than one organized use such as irrigation, industry, agriculture, navigation, boating, cooking, drinking, power generation, sewage discharges, and groundwater leaching, runoff, fisheries and bathing etc. Sharma and Giri, 2018) . Among these, mass bathing and religious activities is also one of the major causes responsible for altering or declining of water quality. Many rituals are associated with religious activity like idol immersions containing coloured pigments and paints having harmful chemicals, Pind Daan, Deep Daan (Enlightened Diyas having oils in them), bathing, washing, immersion of clothes, ash, oil, flour, floral offerings, coconut shells, plastic, wood, detergents, soap and other domestic wastes in the water bodies; which increases the pollution load in the water body and deteriorates the quality of waters (Bhatnagar and Sangwan, 2009; Gupta et al., 2011 and Nath, 2015) . This is the time when the already overburdened religious tanks/ ponds are subjected to an even greater load and this consequential deterioration of water quality leads to a condition where such water becomes unsuitable in terms of its uses like recreation, bathing and a source of raw water supply (Biswas, 2000 ; Khan et al., 2004) . The deteriorating quality of the water is threatening the sustainability of water resources and is therefore a cause for concern. Some pilgrims carry infections of skin and other diseases, so there is a risk of spread of water borne diseases like cholera, typhoid, dysentery, rashes, leptospirosis and more that affect human health. Many of these diseases have become widespread and account for 2/3 of illness in India (Munawar, 1970) . Maximally children of developing countries become victim of death every year due to the water related diseases (WHO, 1993) .Mass bathing and other religious immersion activities also lead to the addition of chemical colour, varnish, paints, sindur, coins and oils etc. into the aquatic systems indirectly acting as a source of different heavy metals in the waters. Lead and Chromium which are very toxic even in very low concentration, usually being added through "Sindur" in the water bodies (Bubicz, 1982) . Bioaccumulation of these toxic metals in higher trophic levels within a food web bring about harmful effects on biochemical life process of the aquatic organisms (Tay et al., 2009 ) and also threat to human health upon consumption as these tend to get biomagnified. Haryana is a state where religious activities are intensely associated with its cultural heritage and there are several ponds which are considered to be sacred by Hindus and where such religious activities and mass bathing are performed in routine manner during Solar eclipse, Amavasya (New Moon Day), Shradh period (Sept. /Oct.), Purnima (Full Moon Day on Kartik month / Nov). So, thinking about the recent realization of pollution hazards, it becomes necessary to conduct research on water quality assessment studies. Unfortunately, a very limited work has been done in order to assess the quality of lentic religious water bodies of Haryana. Keeping the above scenario in mind, mass bathing and religious rituals effect on quality of eight religious water bodies of Haryana was assessed in term of few pollution indicating parameters viz., DO, BOD, COD, Ammonia and heavy metals before and after days of religious rituals or mass bathing.
MATERIALS AND METHODS

Description of study area:
The present study is concerned with the holy tanks of Haryana State (India) famous for mass bathing and various types of religious activities taking place there. These are S1 (Village-Bilaspur, Yamunanagar), S2 (VillageKirmach, Kurukshetra), S3 (Village-Dayalpur, Kurukshetra), S4 (Kurukshetra), S5 (Kurukshetra), S6 (Pehowa, Kurukshetra), S7 (Village-Pharal, Kaithal) and S8 (Village-Pandu-Pindara, Jind). The study area and the details of all the religious activities taking place at each site have been shown in table 1. Location of sampling stations: Keeping in view the number of pilgrims taking dip in pilgrimage spots, three sampling stations i.e. A, B and C were chosen for studying the water quality of each selected site. A site was selected where minimum number of people used to take bath; B was selected where maximum number of people used to take bath and C was selected where also large number of people take bath but comparatively less than B (i.e. intermediate numbers of pilgrims were recorded here). Experimental protocol Limnochemical characteristics: Surface water samples were collected from February 2012 to February 2013, from three selected stations, in triplicate; two days before and one day after the religious ritual and also seasonally from all the selected eight sites. The religious activities occurred two times at S3, S4, S5, S6 and S8 and only once at sites S1, S2 and S7 during the study period and seasonally as well. The samples could not be collected during winter at S2 due to occurrence of construction process in winter season ( Table 2 ). The physico-chemical characteristics viz. Dissolved oxygen, Biochemical Oxygen Demand, Chemical Oxygen Demand and Ammonia were analyzed in laboratory according to standard procedures (APHA, 2005) . Heavy metal analysis: For the heavy metal analysis, water sample was preserved in refrigerator, after acidification with HNO 3 to pH 2.0; Zinc (Zn), Copper (Cu), Cadmium (Cd), Nickel (Ni) and Lead (Pb) were analyzed on ICP-OES-710 Varian instrument in Sophisticated Industrial Material Analytic Lab, Mayapuri Industrial area, New Delhi. Statistical analysis: Coefficient of correlation between different independent and dependent parameters was calculated according to SPSS 11.5 packages. Significant differences before and after religious activity were calculated by student"s "t" test following Snedecor and Cochran (1967) and the mean values of all the parameters at all the sites were compared by using Duncan Multiple Range Test (1975) .
RESULTS
DO:
In the present investigation, DO ranged from 6.14 to 14.14 mg L -1 before dip and 0.76 to 11.96 mg L -1 after the mass bathing or religious activity. The graphical representation of dissolved oxygen variations depicted a general and significant (p< 0.05) decline in the values of DO after the pilgrim dip at all the sites with least value of DO at S8 Pindara (after the Shradh period, during which mass bathing is done). However, maximum per cent decrease was noticed at S2 and S8 after the religious rituals ( Fig. 1 and 2 ). Overall higher values of DO were reported during post monsoon season and lower values were reported during the winter season. It was reported maximum at S7 during post monsoon season (Table 2) . BOD: It gives an indication of quantity of biodegradable organic substances present in water, subjected to aerobic decomposition of microor-ganisms. Thus, it provides a direct measurement of state of pollution. BOD varied from 5.07 to 13.73 mg L -1 before mass bathing and 8.27 to 25.07 mg L -1 after the mass bathing. The graphical representation of BOD variations showed a significant per cent increase in BOD values after the dip at all the selected sites and maximum per cent increase in BOD after mass bathing was observed at S8 followed by the value at S6 (Fig. 2) . The highest value of BOD was observed at S6 after the religious rituals of Shradh period in October 2013. Highest value of BOD was reported at S7 during monsoon season (Table 2) . COD: It indicates the amount of oxygen necessary for the oxidation of organic and inorganic content of given sample of waters. During the present investigation COD varied from 123.33 to 347.62 mg L -1 before mass bathing and 284.29 to 407.14 mg L -1 after mass bathing. The graphical representation of COD variations revealed ( Fig. 3 ) a significant per cent increase in COD values after the dip and it was highest at S7. Seasonally higher values of COD were observed during monsoon season followed by value during summer season at most of the sites and lower values were reported during winter season ( Table 2) . Ammonia: In the present investigation the ammonia ranged from 0.07 to 0.9 mg L -1 before dip and 0.25 to 28.68 mg L -1 after dip. The maximum concentration of ammonia was found at S8-Pindara after solar eclipse mass bath. A significant per cent increase in the values of ammonia after the pilgrim dip was observed at all the sites however it was maximum at S8 followed by at S6 (Fig. 4 ). Higher increase of ammonia was noticed at S8-Pindara after the solar eclipse mass bath indicating high pollution status of the tank after the religious rituals of the pilgrims (Table 2 ). Season wise analysis depicted overall higher values of ammonia during monsoon season at most of the selected sites and it was higher at S5. However, higher values of ammonia were also recorded at S7 during summer season (Table 2) . Heavy metal analysis: Heavy metals are regarded as serious pollutants in the aquatic environment because of their environmental persistence and tendency to concentrate in aquatic organisms. At S2 concentration of Fe (5.89 ppm) was found to be the highest after the religious activity whereas concentration of As, Cd was recorded nil at all the sites. Concentration of Cr (0.025 ppm) and Cu (0.03 ppm) was recorded only at S7 and S5 respectively. Table 3 shows an increase in concentration of Fe almost at all the sites while concentration of Pb, Hg and Zn was also found to be increased after the religious activity at several sites whereas Cr, Cu, and Ni did not show any specific trend. The trend in the concentration of different heavy metals recorded at sites S1 to S8 was Zn > Fe > Hg > Cu > Cr ≥ Pb> Ni >As ≥ Cd (Table 3) .
DISCUSSION
The level of DO content in any aquatic system may be used as an index of water quality for the study of pollution (Thirumala et al., 2011) and can also be considered one of the very essential parameter that can determine the ecological status of an aquatic system protecting the aquatic life (Chang, 2002) . DO more than 5.0 mg L -1 is a good indication of a highly productive nature of water body (Das, 2000) . In the present findings all the sites were having DO values more than 5 mg L C respectively. In this research, DO fluctuated from 6.14 to 14.14 mg L -1 before dip and 0.76 to 11.96 mg L -1 after the mass bathing or religious activity. The higher amount of dissolved oxygen i.e. more than 10 mg L -1 at some sites may be due to the presence of excess algal blooms and their increased photosynthetic activity during the day period, further solubility of the gas also affected by salinity and altitude as it increases with decreasing salinity and decreases as pressure decreases. A significant (p< 0.05) decrease in the DO has been noticed in the present investigations after the mass bathing ( Fig. 1) and it was higher at sites S2, S6 and S8, which agrees with the findings of Rao and Rao, 1986 (Kumbh Mela in Kshipra River, Ujjain), Kulshreshtha et al., 1988 (Upper lake Bhopal), Sinha et al., 1991 Singh et al. (2010) . In all seasons the level of DO was found within the permissible limits of the water quality guidelines as (Table 4 ) the water was suitable for bathing or swimming purpose and was suitable for aquatic flora and fauna when there is no ritual activity. However, at sites S2, S4, S6, S7 and S8 the level of DO was found below the water quality guidelines for mass bathing suggesting the water was not suitable for bathing or swimming after the religious rituals. An inverse relationship of DO with BOD (r = -0.54, p< 0.01) in present findings revealed dissolved oxygen decreases with increase in BOD. BOD is found to be more sensitive test for organic pollution. A significant per cent (p< 0.05) increase in BOD values was reported (Fig. 2) after the religious activity and it was highest at S8 followed by at S6. These results are in accordance with findings of Kulshreshtha and Sharma (2006) who had studied the impact of mass bathing during Ardhkumbh on water quality status of river Ganga. Rao and Rao (1986) (2015) also found increase in BOD after the mass bathing. Buijs and Toader (2007) suggested maximum permissible limit of BOD for bathing purpose as 6 mg L -1 and it was noticed that all the sites were having more BOD value than the above prescribed value after the pilgrim dip in the present studies (Table 2 ). This indicated that the water become unsuitable for bathing after the dip. According to Hostetti et al. (1994) the high BOD values between 23.0-56.4 mg L -1 was an indication of high organic pollution load on river. However, in present studies mean values of BOD was recorded lower than the above prescribed limit by Hostetti et al. (1994) at all the sites indicating less organic pollution there before religious rituals (Table 2) . Highest value of BOD was reported at S7 during monsoon season (Table 2) . COD can be considered as an important tool for analyzing water quality via measuring the amounts of organic matter present in waters. An indirectly assessment of lethality and persistence of biologically resistant organic compounds can also be done via analyzing the value of COD as well as BOD. Such studies were also conducted by Rajkumar et al. (2003) . During the present investigation COD varied from 123.33 to 347.62 mg L -1 before mass bathing and 284.29 to 407.14 mg L -1 after mass bathing. COD variations before and after religious activity ( Fig. 3 and Table 2 ) showed a significant increase in COD values after the mass pilgrim dip and it was highest at S7 after the Shradh period. All the sites were having more values of COD than the prescribed limit for bathing or swimming (Table 4 ) making a question mark on the suitability of water quality for mass bathing. The increase in COD after mass bathing is in accordance with that of Dhote et al., 2001 (Impact of idol immersion on water quality of twin lakes of Bhopal), Vyas et al., 2006 (impact of idol immersion activity on lakes of Bhopal), Gupta and Devi, 2014 (Baskandianua, an oxbow lake of South Assam), Watkar and Barbate, 2014 (Impact of idol immersion on water quality of Kolar River in Saoner, Dist. Nagpur) and Bhasin et al., 2015 (Impact of mass bathing on water quality of river Kshipra at Triveni, Ujjain, M.P). Seasonally higher values of COD were reported during monsoon season followed by during summer season at most of the sites may be due to high inflow of organic matter during monsoon season. Higher values of COD were also reported by Mathur et al., 1991 (Chambal over the stretch of National Chambal sanctuary in M.P.) and Pawale, 2014 (Vishnupuri Reservoir district, Nanded) may be due to high rate of decomposition under high temperature and high evaporation rate during summers. However, lower values of COD observed during winter season at most of the selected sites similar to the findings of Pawale (2014) may be due to low temperature and evaporation rate (Table 2) . Ammonia is a parameter that may induce its toxic effect to fish, aquatic animals as well as on planktons when present even in very small quantity in waters. The values of ammonia more than 0.1 mg L -1 generally indicates the polluted nature of the waters (National Academy of sciences, 1972; Chapman and Kimstach, 1996) The toxicity of ammonia for fish may be determined by temperature, pH, DO and also CO 2 contents of any aquatic system. The ammonia will be more toxic to the fish at higher temperature and higher pH and can be said even much more toxic when water contains less amount of DO and CO 2 . In the present research mean values of ammonia were found higher than 0.1 mg L -1 at all the sites indicating the polluted status of the sites that need further attention for the improvement of the water quality. A significant (p< 0.05) per cent increase in the ammonia was noted after the pilgrim dip (Fig. 4) . Dumping of domestic and organic waste and the activities like bathing, adding ashes may be responsible for this increased ammonia concentration. Urination by pilgrims during mass bathing might be one of the important reasons of increase in NH 3 -N after pilgrim dip. However, higher increase was noticed at S8-Pindara after the solar eclipse mass bath indicating high pollution status of the tank after the religious rituals performed by the large number of pilgrims in short area used for mass bathing as compared to other sites (Fig.4) . Sites S1, S2, S6, S7 and S8 were reported to have higher values of ammonia as compared to the water quality guidelines for mass bathing or swimming indicating the water was not suitable for bathing purpose after the religious rituals (Table 2) . Season wise analysis showed higher level of ammonia during monsoon and in summers whereas lower level was observed during the post monsoon and winter season. High evaporation rate might be the reason for the comparative increased level of ammonia in summers. According to Abdo (2002) for Lake Qarun. The presence of lower level of ammonia during winters may be due to oxidation of the ammonia by oxygen rich conditions not because of the uptake of ammonia by the phytoplankton cells (Shabana, 1999) . Higher values of ammonia during monsoon season might be due to increase inflow of the load of domestic sewage via surface runoff during the rainy season (Imnatoshi and Sharif, 2012) whereas; Ahangar et al. (2012) observed the higher and lower level of ammonia during winter and summer season respectively during his study on Anchar lake, Kashmir. BOD, COD and ammonia revealed significant (p< 0.05) increase while DO revealed significant decrease after the pilgrim dip at most of the sites. Decrease in DO concentration and increase in BOD after bathing may be due to dumping of biodegradable waste (ashes, floral offerings, flour etc.) and contamination of water with human activities like addition of soaps, detergents etc. and their absorbance by aquatic flora. A significant (p< 0.05) positive correlation was observed among various pollution indicating parameters such as BOD, COD and ammonia. However, an inverse relationship was observed between DO and BOD. Heavy metal analysis: Metals in deposition are consequent from both natural and anthropogenic (point and non-point) sources (Baker et al., 1997) . Bioaccumulation of the metals in many fish species and their organs have been described worldwide by Kumada et al., 1980; Osborne et al., 1981; Norris and Lake, 1984 and Evans, 1987) . In present study, the concentration of different heavy in Bhavani river, Tamilnadu. Highest value of Zn was examined at S6 during post monsoon period. Increase in the values of Zn was noticed at S3 from 0 to 180 µg L -1 and at S4 from 0 to 200 µg L -1 after the religious activity and it was found to be higher than the prescribed limit i.e. 86µg L -1 of bathing standards (Table 4) . Bathing and washing activities by pilgrims with detergents, soaps and shampoos may be the possible cause of increase in Zn level after the religious activity may be supported by the findings of Aonghusa and Gray (2002) ) after the religious activity (Table 3) and these values were found higher than the prescribed limits of water quality standards (table 4) ) was recorded at site 2 and site 8. The Pb, Hg, Cr and Ni metals might have come through paints and colours of Diyas and small idols immersed during the religious rituals as also reported by Gupta et al. (2011) . Copper is widely distributed essential metal required by all living organisms in some of enzyme systems, but at elevated concentration it acts as pollutant. The presence of Cu indicates pollution from anthropogenic sources due to the discharge of domestic sewage and industrial effluents that cause Cu pollution in receiving water. Concentrations of copper and chromium were not detected in most of the samples of surface water however, it was detected only once at S5 during the winter season and at S8 before the religious activity respectively. The concentration of Cu and Cr was found as 30 µg L -1 and 25 µg L -1 respectively. The low value of Cu and Cr indicated that there was not any significant source of copper and chromium pollution in all the study sites. Similar results were also reported by Eitei and Kh (2013) . Whereas, As and Cd concentration was found to be nil at all the sites. The heavy metals reach pond waters due to various anthropogenic activities. The main sources of these heavy metals in present studies, at sites S1 to S8 was ritual activities especially the mass bathing and other religious immersion such as the chemical colour, varnish, paints, sindur, coins and oils etc. that are added to the aquatic systems. Similar findings were also reported by Swain et al. (2005) in temple ponds of Puri Orissa and Bajpai et al. (2009) during his study on heavy metal contamination through Idol immersions in a tropical lake. Concentration of some heavy metals was found to be increased after the pilgrim dip. However, the values were recorded within the permissible limits of bathing standards (Table 4) before religious rituals.
Conclusion
The water quality indicating parameters (Table 2  and Table 3 ) at all the sites were compared with the water quality standards (Table 4) ) were beyond permissible limits at most of the sites and the condition was worsen at S6 and S8 might be due to higher pollution caused by large number of pilgrims and poor management practices of waters at these sites as comparison to the other sites. However, study of seasonal variation revealed that values of most of the parameters were found within the prescribed limits of bathing standard at most of the sites. The water quality assessment can play a big role in for the application of the monitoring and remediation enterprises to control pollution of waters, for drawing water quality trends thereby decreasing cost on pollution control measures and prioritizing pollution control efforts. Regular change or mixing of water after mass bathing, awareness campaigns for public regarding the suitable use of water bodies without impairing the water quality, separate bathrooms/urinals near bathing site may be the suitable remedial measures to control pollution and prevent the depletion of the quality of lentic waters.
